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Tantalum silicide (TaSix ) films with different Si to Ta ratios (x) as Schottky contacts to GaAs 
have been studied. The films were prepared by coevaporation. The metallurgical properties of 
the film and the stability of the silicide-GaAs interface were studied by x-ray diffraction, Auger 
electron spectroscopy, and Rutherford backscattering spectroscopy. The films were annealed 
at various temperatures (up to 850 ·C) for thermal stability evaluation and the Schottky diodes 
were characterized by J- Vand C- V measurements. It was found that the Si to Ta ratio (x) 
plays an important role in the thermal stability of the Schottky diode. For small x values, there 
are interactions between Ta and GaAs, probably a compound formation, after high-
temperature annealing. For large x values, the degradation mechanism for the Schottky diodes 
after high-temperature annealing appears to be the out-diffusion of Ga and As from the 
substrate. The best composition for a thermally stable Schottky barrier is Tas Si\, which shows 
stable Schottky characteristics after annealing with temperatures up to 800 "C. 
I. INTRODUCTION 
The use of metal silicides as Schottky contacts to GaAs 
has attracted much interest recently. Because of the thermal 
stability of some of these siIicides, one obtains great process 
flexibility in GaAs integrated-circuit (IC) fabrication. 1-5 
They can be used as the gate material for the self-aligned 
field-effect transistor (FET) process, in which they are re-
quired to stand high-temperature annealing, or they can be 
deposited before the Ohmic contact anoying step, which 
needs a heat treatment at around 450 ce. 
The most studied silicide Schottky contact to GaAs so 
far has been tungsten based silicides such as WSi,. and 
TiWSix,I-7 probably because W itself is quite a stable 
Schottky barrier on GaAs. 8 Yokoyama et al. have used WSix 
for their self-aligned FET process and excellent results have 
been achieved. 3 Tseng et al. have studied TaSi2 and reported 
that TaSi2 is also a stable Schottky barrier.9 •10 In this paper 
we report results from a series of studies ofTaSix with differ-
ent Si to Ta ratios (x) and their thermal stability. We found 
that the stability of TaSix Schottky barriers depends very 
much on x. At low x values the instability is caused by the 
interface reaction between Ta and GaAs, while at high x 
values the instability is caused by the out-diffusion of Ga and 
As. The best composition for thermally stable Schottky bar-
riers is Tas Si, . 
II. EXPERIMENT 
TaSix films were deposited cnto GaAs substrates using 
a dual-electron gun evaporation system. The composition 
ratio x was controlled by using different evaporation rates 
for Ta and Si. The substrates were heated to 250 °C during 
evaporation for better adhesion and reduced damages due to 
bombardment by stray high-energy electrons. TaSix with 
x = 2, 1,0.6,0.33, and 0.11 were chosen for this study. The 
thicknesses of the films were 1500 A. For thermal stability 
studies, the samples were annealed in a N 2 flow furnace at 
various temperatures for a fixed duration of 30 min. 
The sheet resistance of the films was determined by a 
four-point probe measurement. The as-deposited amor-
phous films had very high resistance. After high-tempera-
ture annealing the resistance decreased drastically. Figure 1 
shows the measured sheet resistance as a function of the Si to 
Ta ratio (x) before and after the 850°C annealing. The sheet 
resistance is higher for large x values before annealing but 
does not depend on x after annealing. This is different from 
what has been reported for TaSix on polysilicon and Si02 • II 
The crystal phases of TaSix after the 850 "C annealing 
were characterized by x-ray diffraction. Only two interme-
taHic compounds, TaSi2 and TasSi3, have been identified. 
They showed up only in the films of TaSi2 and TaSio.6 , re-
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FIG. L Sheet resistence of TaSix as a function of x before and after the 
85D °C annealing. 
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FIG. 2. RBS spectra of TaSi, on GaAs before and after tho: 850 'C anneal-
ing. 
spectively. We did not see any mixture of the two phases in 
the films. TaSix films with x other than 2 or 0.6 did not have 
clear diffracti.on peaks, probably due to limited compound 
formation between Ta and Si. The silicide formation is quite 
different from that on a silicon wafer, where an unlimited 
source ofSi is available. I I. I:! In that case the end phase after 
high-temperature annealing is TaSi2 • For TaSix on GaAs, 
both TasSi] and TaSiz are stable end compounds after the 
850°C annealing. As will be described later TasSi3 is actually 
better than TaSi2 as a thermally stable Schottky contact to 
GaAs. 
The metallurgical stability of TaSix on GaAs was stud-
ied using Rutherford backscattering spectroscopy (RES) 
with 2-MeV He + particles. The RBS spectra for TaSix with 
x = 2, 1, 0.6, 0.33, and 0.1 I before and after the 850 cC an-
nealing are shown in Figs. 2, 3,4,5, and 6, respectively. The 
spectra of TaSi2 and TaSi have a clear Ga signal at the sur-
face after annealing. Since it is difficult to separate Ga from 
As in a RBS spectrum due to similar atomic masses, Auger 
analysis was also used in this case to confirm the presence of 
Ga at the surface. Although As was not detected at the sur-
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FIG. 3. RBS spectraofTaSi on GaAs before and after the 850'C annealing. 
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FIG. 4. RBS spectra of TaSio 6 on GaAs before alld after the 850·C anneal-
ing. 
face, it should have also diffused out since it can easily escape 
from the surface at high temperatures due to its high vapor 
pressure. For TaSix with x = 0.33 and O.l! (Figs. 5 and 6), 
the RBS spectra after annealing are quite different from that 
ofTaSi2 and TaSi. The Ta peak becomes lower but broader, 
indicating possible compound formation between Ta and 
GaAs. This reaction is not surprising since the Ta contents in 
the TaSio.11 and TaSio.33 films are much higher than that of 
the stable silicide compound Tas 513 , and reactions between 
pure Ta and GaAs have been reported after high-tempera-
ture annealing. 13 The most stable composition ofTaSi" after 
annealing is Tas Si,. The RBS spectra, shown in Fig. 4, are 
nearly identical before and after annealing. No Ga out-diffu-
sion nor interaction between Ta and GaAs were observed 
from the RBS measurement. In general, Ga out-diffusion is 
observed for TaSix with x> 1 and a Ta/GaAs reaction is 
observed for x < 0.33. 
The composition dependence of Ga out-diffusion has 
also been found in other types of metal silicide films on 
GaAs. We have seen similar results on WSix and MoSix • 14 
CHANNEL NUMBER 
FIG. 5. RBS spectra of TaSic .. l1 on GaAs before and after the 850 'C anneal-
ing. 
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FIG. 6. RBS spectraofTaSioll on GaAs before and after the 850·C anneal-
ing. 
This phenomenon is probably due to different grain sizes and 
the quality of polycrystalline material formed in films with 
different Si to metal ratios. Since smaller grains will general-
ly allow more Ga andlor As to diffuse through the grain 
boundaries during high-temperature annealing, films with 
smaller grains will have more Ga at the surface. It has been 
reported that TaSiz forms at higher temperatures than 
Tas Si3 , 11,12 so the grain sizes are probably smaller for TaSi2 
than Tas Si3 at the annealing temperature of 850°C. This is 
consistent with our observation of Ga out-diffusion for only 
Si-rich films. 
III. ELECTRICAL CHARACTERIZATION 
J- Vand C- V techniques were used to measure the char-
acteristics of the Schottky diodes. The diodes had a diameter 
of 250 /-tm and were patterned by conventional photolithog-
raphy and plasma etching. The GaAs substrates used were n 
type with a doping concentration around 3X 10'6 cm- 3. 
The as-deposited TaSi" diodes were first measured. 
They had ideal Schottky characteristics with barrier heights 
around 0.78 e V and ideality factors <: 1.1, and were indepen-
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FIG. 7. Barrier heights and ideality factors of TaSi, Schottky diodes on 
GaAs as a function of x before and after the 550 'C and 650 'c annealings. 
dent of the composition ratio x (see Fig. 7). The diodes were 
then subjected to heat treatment with temperatures up to 
650°C. The barrier heights increased after heat treatment 
but the diodes remained good and the characteristics were 
independent of x. 
We have chosen Tas Si3 Schottky barriers for thermal 
stability studies with annealing temperatures above 650 ·C 
since we have seen earlier that Tas Si3 is the most metallurgi-
cally stable. The measured barrier height and ideality factor 
as a function of the annealing temperature are shown in Fig. 
8. The barrier height as determined by the C- V technique is 
slightly higher than that determined from the J- V measure-
ment, similar to that observed for most metal-GaAs 
Schottky barriers. Since the difference in barrier height mea-
sured from these two techniques is nearly independent of the 
silicide composition and the annealing condition, we will, 
from here on, refer to barrier heights as only those deter-
mined by J- V measurements. The as-deposited Tas Si3 has a 
barrier height of 0.752 eV. After annealing at 550 ·C, the 
barrier height increases to 0.829 eV. This change in barrier 
height seems to be correlated with the formation ofTas Si3 at 
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elevated temperatures. Good Schottky characteristics are 
maintained even after the 800°C annealing. However, it 
should be stated that the samples annealed above 700·C 
were coated with a layer (1500 A.) of silicon nitride, which 
was deposited by thermal evaporation of silicon nitride pow-
der. Without this layer the diode characteristics would de-
grade. This degradation is attributed to the out-diffusion of 
Ga and As from the substrate. Although RES measurements 
(see Fig. 4) did not show the presence of Ga or As at the 
surface or in the silicide film, a very small amount of out-
diffusion, which is out of the detection limit of RBS, can be 
enough to cause the degradation of electric characteristics of 
the Schottky diodes. 
Almost all the high-temperature stable silicide Schottky 
barriers on GaAs reported have some kind of dielectric pro-
tection layer on the surface during annealing. Therefore the 
out-diffusion ofGa and As is a common problem even when 
the silicides are thermally very stable. The out-diffusion, 
however, can be effectively prevented if a proper layer of 
protection film is deposited on the surface. We have found if 
the annealing temperature is kept below 700 "C, where the 
dissociation of GaAs becomes severe, no annealing cap is 
necessary. 
As described earlier the problem ofGa and As out-diffu-
sion is much more severe for films with a high Si to metal 
ratio. Therefore care should be taken when dealing with such 
films. We have seen earlier (Fig. 2) that Ga can diffuse easily 
through TaSi2 after high-temperature annealing when it is 
not capped. But as reported by Tseng and Christou,9 TaSiz 
still can be a good Schottky barrier after the 800 °C annealing 
when capped with a layer of silicon nitride. So, the quality of 
the capping layer becomes very important for the silicon-
rich films. 
IV. DISCUSSION AND CONCLUSION 
From the results shown above, the thermal stability of 
TaSix Schottky barrier on GaAs depends very much on the 
Si to Ta ratio. For x <0.3, Ta reacts with GaAs at high an-
645 J. Appl. Phys., Vol. 65, No.2, 15 January 1989 
nealing temperatures. For x> 1, significant out-diffusion of 
Ga and As occurs. The best composition for thermally stable 
Schottky barrrer is Ta5 Si3 , which is also a stable silicide 
compound. The composition-dependent Ga out-diffusion 
phenomenon is believed to be common for most of the refrac-
tory metal silicides such as WSi. and MoSix • However, with 
a proper annealing cap on the surface, stable Schottky bar-
riers can be still obtained as long as the metal does not react 
with GaAs. 
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